Thiopentone a,!d p,entobarbiton:e reduce the. time constant of decay of miniature cnd-plate currents when applted In anaesthettc concentratzons to the neuromuscular junction. Such an effect at central synapses would lead to failure of synaptic transmission in the central nervous system and may reflect a common mode of action of many anaesthetic drugs.
INTRODUCTION
Although general anaesthetics have been in common use for more than a century, their mode of action is still obscure. Despite some obvious differences between individual drugs, there is a basic similarity in their clinical effects and a common mode of action probably exists (Wall 1967) .
Two types of action have been postulated for general anaesthetic drugs :
1. Metabolic interference: especially with reactions involving energy-yielding oxidation (Quastel 1962) . However, many workers have come to the conclusion that reduction in oxygen uptake is a result rather than the cause of anaesthesia (Seeman 1972, Bunker and Van dam 1965) .
2. Inhibition of synaptic transmission: depression of synaptic transmission has been deI?onstrated in vivo (Galindo 1969) and in vitro (Rlchards 1972) following the administration of anaesthetic agents in clinical concentrations.
Octanol, which can cause reversible anaesthesia in mammals (Hamill1975) has been sh.o~n to reduce the time constant of decay of mlmature end-plate currents (MEPCs) (Gage, :\fcBurney and Van Helden 1974). Similar observations have been made with pentobarbitone (Adams 1974, Seyama and Narahashi 1975) , and some inhalation anaesthetics (Gage and Hamill 1975) . It was therefore decided to investigate some commonly used intravenous anaesthetics with respect to their action on the time course of MEPCs. This publication reports our results with thiopentone sodium (thiopentone) and pentobarbitone sodium (pentobarbitone).
The neuromuscular junction (NMJ) of excised mouse diaphragms was chosen as a model synapse. The NMJ has many basic mechanisms in common with central synapses and is widely used as a model for synaptic transmission.
METHODS
A mouse was killed by a sharp blow on the head and the diaphragm was excised. Half of it was then mounted in a tissue bath (3 ml volume) the temperature of which was maintained at 27 ±1° Celsius. The preparation in the bath was superfused with Krebs solution through which 5% CO 2 in oxygen was bubbled continuously. The drip rate of the fluid was 1·5 to 2 ml per minute and the pH of the solution was 7 ·40 to 7·45.
Miniature end-plate currents were recorded by the application of a low impedance extracellular electrode to the NMJ region. A detailed account of the technique has been published elsewhere (Gage and McBurney 1975) . As an MEPC causes less than a 2 % change in the resting membrane potential, the MEPC recorded in this way gives a true reflection of the time course of the change in conductance caused by a quantum of acetylcholine. The amplitude of the potential change which is recorded by the Anaesthesia and Intensive Care, Vo!. n', So . . 1, Au{; ltst, 1976 extracellular electrode during an JlIEPC depends upon the impedance of the gap between the electrode and muscle membrane (Gage 1976). The technique cannot be used therefore for recording the absolute amplitude of the transmembrane current but is the method of choice for recording its time course. l\]sO, the tec hnique can be used to detect chal/ges in the amplitude of :\IEPCs. The :\1 EPCs \\'ere amplified and, in earlier experiments, captured on the screen of a storage oscilloscope. Later, a digital data storage device (:\eurograph ~-3, Transidyne General Corp.) was used, and the " captured" :\IEPC \\'as displayed on an oscilloscope and photographed. The time constant of the decay of an :\IEPC (-:-) was derived b\' measurell1l:nb from a tracing of the projected' photograph. [n later experiments the data from the neurograph was processed bv a computer and the time c()n~tant of decay of :\IEPCs (and it-; correlation coefficient) \\'ere printed out un a telet,·pc.
In each experiment :!() to -1-0 control :\IEPC s were nwasured to gi,'c an average 7 in control solution and then in each of s('\"('ral concentrations of the drug being test('(\. The t'xperiments \\"('re usualh' completed h,· a return to control solution to detect possihk changes in the a,'erage T.
[\ E,X LT:;
The deCl" of the :\IEPCs 111 buth c()ntrol solution <lnll in the barbiturate was eXl'o!1t'I1tial. .) ·11 10'11 :!II'II ;;11,0 ]1)(1 ·11 :!IIII'II 2 and 3 . The amplitude of MEPCs was also reduced by the barbiturates, especially by the higher concentrations, but the experiments were not designed to give quantitative information on this effect. 
DISCUSSION
The experiments demonstrate that the two barbiturates, thiopentone and pentobarbitone, induced a reduction in the time constant of decay of MEPCs. This finding has obvious importance. The integral of the transmembrane current generated by a transmitter is a measure of charge transfer across the post-synaptic membrane. If this charge transfer is reduced (by reduction in amplitude or duration of the current) the amplitude of postsynaptic potentials will be reduced. The barbiturates, by decreasing the time constant of decay of MEPCs (and by reducing their amplitude) must reduce the charge shift across the postsynaptic membrane and hence reduce the amplitude of postsynaptic potentials. In fact, this latter effect has been observed (Thesleff 1959) . Where the safety factor for transmission is large. as at the NMJ (Paton and Waud 1967) . failure of transmission would not occur. However, in the CNS no such reserve or safety margin exists. A reduction in postsynaptic potential amplitude could well lead to the failure of synaptic transmission caused by inhalation and intravenous anaesthetics (Seeman 1972 , Richards 1972 ,1973 . A reduction in the time constant of decay of MEPCs probably indicates that the average lifetime of ionic channels in the postsynaptic membrane is reduced in the presence of the barbiturates. This may result from a direct action on the receptor protein, perturbation of the cell membrane lipid or an action at the protein-lipid interface. Although these experiments give no precise indication of the actual site of action, they do suggest that the barbiturates may produce anaesthesia by Anaesthesia and Intensive Care. Vol. IV. No. 3. August. 1976 c T. A. TORDA AND P. \\'. GAGE changing the kinetics of conductance changes generated by neurotransmitters in postsynaptic membranes. This may well be a common mode of action of many if not all general anaesthetics.
